Abstract. We used the CASTEP program to build seven configurations of cubic CsSnI 3 with cation vacancy at the A or B sites. The physical properties including geometric structure, electronic structure, states density and optical absorption properties has been calculated successfully by the generalized gradient approximation. The band structures show the Cs 1-x SnI 3 perovskites with self-doped at the A sites when x=0.00, 0.125, 0.50 have conductor performance, but the configuration with x=0.037 has the semiconductor performance, and all the CsSn 1-y I 3 perovskites with vacancy at the B sites when x=0.00, 0.037, 0.125, 0.50 have the semiconductor performance, too.
Introduction
The investigations of organo-metal perovskites [1] owing to their applications were widely concerned, such as perovskite solar cell photoelectric conversion field, topological insulator potential material, superconductors. The structure can be expressed as ABI3, A=monovalent cation, B=diavalent cation.CsSnI3 as a light absorber was extensively studied with rich optical properties [2] [3] [4] [5] .
Scaife et al. studied the structure of CsSnI3 perovskite material [6] . Hayatulla et al. studied the structural, electronic and optical properties of cubic perovskites CsSnI3 by the first principle calculations. It can be used in optical and optoelectronic devices in the spectrum range [7] . By local density approximation (LDA), Amreen Bano [8] et al. reported the dielectric and optical properties of the CsSnI3. There are three structures for the CsSnI3, α, β, and γ phases. Chonglong Yu et al. [9] reported the role of Cs atoms, and show that α structure is instable, and the β, and γ phases are stable ones, and they can be transformed reversibly. Christopher E. Patrick et al. used the standard harmonic theory of photons to demonstrate the critical role played by an harmonicity [10] . It has been found that SnI6 octahedra are stabilized against tilts and rotations by interacting with the re-normalized vibrations of the Cs ions. However, there must be defect in the material because the temperature is not 0K, so the investigation of the point defect is important.
Zewen Xiao et al. Calculated for Cs2SnI6 with the vacancy at the B sites by the projector-augmented wave (PAW) method [11] . The results indicate that the formation of the deep defects can be obtained by employing an I-rich synthesis condition, and the Cs2SnI6 perovskite can be as the photovoltaic and other semiconductor applications. The relationships between structure and property of ordered double perovskites Cs2SnI6 and Cs2TeI6 with vacancy at the B sites was given by Annalise E. Maughan et al. [12] . I-I contact distances decrease in carrier concentration and mobility, and the defect level occurs deep within the band gap and thus localizes potential mobile charge carriers.
In this paper, we used the first principle to calculate the structural, density of states and optical properties of the CsSnI3 perovskite with vacancy at the A or B sites. The structural properties can be controlled by the vacancy at the A or B sites such as the cell volume decreases weakly firstly, and then increases linearly. In particular, the band gap decreases monotonically with the content of vacancy at the A sites increasing, from 0.00 eV to 2.001 eV. The Cs1-xSnI3 perovskites with self-doped at the A sites have conductor performance when x=0.00, 0.125, 0.50, but the configuration with x=0.037 has the semiconductor performance, and all the CsSn1-yI3 perovskites with vacancy at the B sites when x=0.00, 0.037, 0.125, 0.50 have the semiconductor performance.
COMPUTATIONAL METHODS

The Configuration Found
The relevant parameters of structure of CsSnI3 was obtained by the reference pattern with ICDD=01-080-2140 and ICSD=069997, the space group is Pm-3m, the number is 221, the lattice parameters are a=b=c=6.2190 Å. The initial fractional coordinates of Cs, Sn and I are (0.5000, 0.5000, 0.5000), (0.0000, 0.0000, 0.0000), and (0.5000, 0.0000, 0.0000), respectively.
Calculation Methods
The cubic perovskite Cs1-xSn1-yI3 (x, y=0.00, 0.037, 0.125, 0.50) were calculated by the plane-wave pseudopotential density functional theory (DFT) method [13] using as implemented in the Cambridge Serial Total Energy Package (CASTEP) program, and the Perdew Burke and Ernzerhof (1996) version (PBE) exchange correlation functional was employed. The cutoff energy was set as 250 eV, and the ultrasoft pseudopotentials were used to describe the electron-ion interaction. Parameters for the convergence tolerance were 1.0×10-6 eV/atom, and the maximum SCF cycles is 1000, electronic is set as density mixing with change 0.5 and spin 2.0. A Gaussian smearing scheme was used with 0.1 eV for the smearing width. A 2×2×2 k-point mesh is carried out the supercell with 135 atoms in reciprocal space. The state density is set as fine level with 4×4×4 k-point mesh, empty band is set as 12, and the PDOS is calculated.
Results and Disscussion
Optimized Structure of CsSnI 3 Perovskite with Cation Vacancy.
The optimized structures of cubic perovskite Cs1-xSn1-yI3 (x, y=0.00, 0.037, 0.125, 0.50) are shown in Table 1 . All the lattice parameters and cell volumes increase firstly, and then decrease, with the x or y decreasing. Inflection points are x=0.037, y=0.125, which indicates that the effect of vacancy at the A sites is greater than that at the B sites for crystal structure. 
Optimized Band Structure of CsSnI 3 Perovskite with Cation Vacancy
The optimized band structures of perovskite Cs 1-x Sn 1-y I 3 (x, y=0.00, 0.037, 0.125, 0.50) are shown in Fig.1 . The Fermi level is 0 eV. The perovskite Cs 1-x Sn 1-y I 3 with x=0.037, y=0.037, y=0.125 y=0.50, have forbidden band structures, others do not have the band gap, whose configurations with band gap can be as the photoelectric conversion material. It notes that the band gap monotonically increases with the content of vacancy at the B sites, whose value changes to 2.001 eV from 0.0000 eV.
The total density of state shows that s and p electrons located at the 0 eV inducing sp orbit hybridization, which dominant the electrical properties. 3d electrons of Pb cations below -20eV do not permit orbit hybridization. 
Results and Disscussion
We calculated the geometries, band structure, and state density of inorganic perovskite with Cs 1-x Sn 1-y I 3 (x, y=0.00, 0.037, 0.125, 0.50) by the first-principles based on density-functional theory-GGA calculations. For the structural properties, the vacancy at the A or B sites controls the cell volume decreases weakly firstly, and then increases linearly. In particular, the band gap decreases monotonically with the content of vacancy at the A sites increasing, from 0.000 eV to 2.001 eV. The Cs 1-x SnI 3 perovskites with vacancy at the A sites with x=0.037, and all the CsSn 1-y I 3 perovskites with vacancy at the B sites with x=0.00, 0.037, 0.125, 0.50 are semiconductor.
